Heater Control System 
10 



Voltage 
Source 
20 





Power 
Control Means 
12 


► 


Heat 
Producing 
Means 
16 


► 





Signal 84 

Temperature Controller 
14 



Micro-controller 
23 



Software Subsystem 
30 



Temperature Sensing 
Means 
18 



FIG. 1 



Start 



32 



Enter Line Voltage 
in Vrms: 
V, 



'Line 




34 



Enter Heater 
Resistance in Ohms: 

^Heater 




36 



Enter Desired Heater 
Power in Watts: 
p 

Desired 



38 



Calculate Heater power at 
line voltage: 



P = 



(Vune) 2 
(^Heater) 



40 



Calculate power output scaling 
factor (K out ): 



K Out~ 



Desired 



(P L ine) 



42 



1 



44 



46 



48 



Read current 
temperature 


M 1 


\ 


r 


Compare current 
temperature to set point 
and calculate percent 
power output: P Qut 




i 


r 


Calculate scaled power 
output by multiplying old 
output by power output 
scaling factor (K out ): 

p — P * K 
r Out Scaled "Out ^Out 




1 


Set output to P 0utScaled 









FIG. 2 



Heater Control System 
110 



Voltage 
Source 
20 



Power Control Means 
12 



Micro-controller 
123 



Software Subsystem 
130 



Heat 
Producing 
Means 
16 



A 

Signal 84 



Temperature Controller 
14 



Temperature Sensing 
Means 
18 



FIG. 3 




50 



Enter Line Voltage 
in Vrms: 
V, 



Line 



52 



Enter Heater 
Resistance in Ohms: 

^Heater 




54 



Enter Desired Heater 
Power in Watts: 
P 

Desired 



56 



Calculate Heater power at 
line voltage: 



P = 



(v Line ) 2 



(^Heater) 



58 



Calculate power output scaling 


factor (K^): 




(^Desired 


) 


K Out~ 




(PuJ 





60 



Read input signal from 
temperature controller 
and calculate P, 



Out 



62 



Calculate scaled power 
output by multiplying old 
output by power output 
scaling factor (K out ): 



□ _ p * IS 

r Out Scaled r Out ^Out 



64 



Set output to P 0utScaled 



FIG. 4 



Heater Control System 
210 



Voltage 




Source 


1 


20 





Combined Temperature/ 
Power Controller 
22 



Micro-controller 
223 



Software Subsystem 
230 



Heat 
Producing 
Means 
16 



A 






Temperature Sensing 




Means 




18 



FIG. 5 




Enter Manually or 
Automatically Read Line 
Voltage in Vrms: 
V, 



'Line 




68 



Enter Manually or 
Automatically Read 
Heater Resistance in 
Ohms: 

*He 




70 



Enter Desired Heater 
Power in Watts: 
P 

r Desired 



72 



I 



Calculate Heater power at 
line voltage: 



(v Line ) 2 



p = 

r Line 



(^Heater) 



76 



Read current 
temperature 



78 



Compare current 
temperature to set point 
and calculate percent 
power output: P 0ut 



80 



I 



Calculate scaled power 
output by multiplying old 
output by power output 
scaling factor (K out ): 



P = P * K 

r Out Scaled r Out ^Out 



82 



I 



Set output to P 0utScaled 



74 



Calculate power output scaling 
factor (K out ): 



(P, 



^Out 



Desired 



(Pun.) 



) 



FIG. 6 



Heater Control System 
310 




Power Control 
Means 

12 



Signal 84 



Temperature 
Controller 
14 



Variable 
Wattage 
Module 
24 



Heat 
Producing 
Means 
16 



Temperature Sensing 
Means 
18 



FIG.7 



Heater Control System 
410 



Voltage 
Source 
20 




Variable 
Wattage 
Module 
24 




Power Control 
Means 
12 


► 


Heat 
Producing 
Means 
16 


► 


► 






A 







Signal 84 



Temperature 




Temperature Sensing 


Controller 




Means 


14 




18 



I J 



FIG. 8 



Heater Control System 
510 



1 



Voltage 
Source 
20 





Power 
Control Means 
12 




Heat 
Producing 
Means 
16 


► 


► 



Variable Wattage 
Module 
124 
A 

Signal 84 

Temperature 
Controller 
14 



J 



Temperature Sensing 
Means 
18 



FIG. 9 



7% power = 41 degr e conduction angle every cycl 
240 Vrms 




Figure 10A 



7% power = 53 degree conduction angle every other cycle 
240 Vrms 



400 
300 




AC Cycles 



Figure 10B 



7% power = 62 degree conduction angle every third cycle 
240 Vrms 



0.0 0.5 1.0 1.5 



2.0 2.5 3.0 3.5 

AC Cycles 



4.0 4.5 5.0 5.5 



6.0 



Figure 10C 



